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HafrUDIES OF DISTRIBUTED PRACTICE: XI. AN ATTEMPT 
==•   TO RESOLVE CONFLICTING FACTS ON RETENTION 

OF SERIAL NONSENSE LISTS 

BENTON J. UNDERWOOD* 

Noftkmtxttr* Unitttrity* 

CO In 1940 Hcvlsnd (3) published a 
it in which retention of serial 

nonsense lists was measured after 2 
min., 10 min., and 24 hr. In one case 
lists were learned by biassed practice 
(6-sec. intertrial interval) and in 
another by distributed practice (2- 
min. intertrial interval). The results 
clearly showed that retention as meas- 
ured by both recall and releaming was 
better following distributed practice 
than following massed practice. We 
have reported a similar experiment (5) 
in which retention after 24 hr. was 
much better following massed prac- 
tice than following distributed prac- 
tice. Since the two studies are in 
direct conflict, it is important that 
attempts be made to determine the 
source of this conflict. 

The most apparent difference be- 
tween Hovland's experiment and ours 
was the difference in length of inter- 
trial rests defining distributed prac- 
tice. The longest intertrial rest we 
used was 1 min., as compared with the 
2-min. interval used by Hovfecd. 
Consequently, in one of the experi- 
ments to be reported we have used 60, 
90, and 120 sec. as intertrial rents. If 
length of rest interval is the critical 
difference between the two studies, we 
would expect sharp increments in 
retention between 60 and 120 sec. 

The second experiment to be re- 
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ported here extends the retention in- 
terval to 48 hr. In Hovland's experi- 
ment and in our previous experiment 
the maximum retention interval was 
24 hr. It is conceivable that retention 
differences following massed and dis- 
tributed practice increase or decrease 
as the retention interval increases and 
that these changes are related to 
length of intertrial interval defining 
distributed practice. In the second 
experiment, therefore, we have used 
intertrial intervals in learning of 2,60. 
and 120 sec. with a 48-hr. retention 
interval. Both experiments may be 
compared roughly with our previous 
study in which the intertrial intervals 
were 2, 30, and 60 sec., and the reten- 
tion interval 24 hr. 

PftOCEDUEX 

Gtntrat.—-Each experiment consisted of throe 
experimental conditions and one practice maa'ton. 
la Eap. I dte only dUferace among conditions 
was length of intertrial feat during learning, 
these three interrak being 60, 90, and 120 tec. 
In Esp. 13 the interval* were 2,60, and 120 aec 
In Exp. I the retention interval was 24 hr.1, ts 
Esp. II, 48 hr. Original teaming was always 
carried to one perfect recitation. Reieeratng 
waa by masted practice rcgardtett of interval 
need daring learning and the criterion of reieero- 
htg waa one perfect trial 

i**».—Each irat coastotod cl 14 nonsense aj\~ 
kbfes having aweewtkm vsfcea of 46.67% to 
S3JS% a» calibrate by (Sate (2). Sfoen tfe* 
SSK «fB»bic te a l«t waa used cosy as an antfe*- 
pasosy cue, S actually teamed only 13 ttxsm. 
The bats w*« constructed to have high iotttlitt 
similarity. Theae Hat* are reproduced in a pre- 
viqus report (5) along with the rcks used in coo- 
stitsctkg them. They were pretested m HuIS- 
type drums at a 2-MG. rate with teaming taking 
plaee*by the anticipation method. 
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Sprci.&e (WitwRf -On the practice .(lay S 
lift learned the practice iis? sc seven correct 
reaponscs OD a single trial by massed practice* 
Instructions were then given for the activity used 
to fill intertrial rests, Thia activity, symbol 
cancellatkc, has *-*ta described in detail else- 
where (4). Folia-Tag these instructions, S eon- 
tinned leamir to Me perfect trial with 30 sec. 
between each trial Five minutes following 
origins! learning thr p nctice Hat waa recalled and 
relearaed. On 'he fint experimental day S 
learned an expen.n<mtal liat to one perfect trial 
using the intertrial interval appropriate for that 
day. QB the second day (Exp. I) the liat waa 
recalled and releamed. Immediately after re- 
leaming, the second experimental liat was 
teamed. This second experimental list waa in 
tars recalled and rekarned the following day, 
etc. The procedare was exactly the tame for 
Exp. II except that 48 hr. elapsed between each 
session. 

Each experiment bad three condi Sens, Within 
each experiasest both lists and inteitriat rest 
ssodltions «ae completely counterbalanced 
against prtctke by taring 36 St. *>*• method 
for statistical analysis of such deai ,„ •« been 
discussed by Arefcsr (I), All §» were <-&?- 
fraduste susdests. 

RESULTS 

Practiee day.—Since tome direct 
comparisons between the two expert* 
ments will be mads, it it necessary to 
demonstrate thst performance of the 
two groups of Se did sot differ signifi- 
cant!}- on the practice list.   The mean 

«e 

s 
Us w 
J 

1 
£ 
3 as 
% 

hkc.   WftKL   WiK.   WHO. Ufa* 
•NTt»T»tAL   *>CST   tNTCKVAt, 

FIG. 1.   Learning of serial noosees* Hsu as a 
function of intertrial interval 

number of trials required to learn the 
practice list by S* in Exp. I was 29.58, 
and for those in Exp. II, 28.22. The 
corresponding mean number of errors 
per trial was 1.38 and 1.-41. For both 
trials and errors the within-group vari- 
ance is greater than that between 
groups. The product-moment corre- 
lation between trials to ieam the prac- 
tice list and trials to ieam ail experi- 
mental lists combined for all 72 S$ was 
.58 ± .12. The value for errors was 
.66 ± .12. 

Learning.—The mean number of 
trials to ieam under the different inter- 
trial rest conditions it shown m Fig, 1. 
It may first be noted that in Exp. II 
distributed practice (as defined by 60- 
and 120-sec. rests) markedly facili- 
tated Seaming as compared with mass- 
ing (2-*ec. rest). Secondly, it is 
observed that there is very little 
change in number of trial* to Scare 
between 60 and 120 sec. for either 
experiment. For Exp. I, F for trials 
to learn is less then one. 

In the previous experimeat (S) we 
used intertrial rest conditions of 2, 30, 
and 60 »r and the same lists as used 
in the present experiment*. Com- 
paring the 2-see, condition of the 
previous experiment and that of Exp. 
II shows the means are quite com- 
parable. However, the mean trials 
to Ieam on the 60-sec. condition of the 
previous experiment (30.5) and on the 
60-sec. conditions for the present two 
experiments (25.22 and 24.61) are 
quite diverse. The reason foi this 
appears to lie in the selection of Ss 
which occurred in the present experi- 
ments. In these experiments the 
learning session was quite long even 
for an average S when the 2-min. dis- 
tributed condition was used. A slow 
learner, requiring 40 trials to learn, 
would be in the experimental room 
about 1 hr. and 40 rain. Conse- 
quently, we lost many Ss who were 
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TABLE 1 

RrrtMTioN or Sum NORSSKSE LIST* AS A FUNCTION or IRWRTWAL IWTKSVAL 
DUKIKC LtAHNSMO* 

Eipertment 
Inttrtrial lattf va) (3ec.> 

»» F 
2 JO 60 30 iao 

Firrt KtxiU Trial 

I 4.28 5.28 4.72 .40 1.59 
1952 (3) 7.72 4.08 4.36 .56 S.81 

II 2.92 2.67 2.39 .35 .65 

F nit **d Second Xtxtll Trish ComfcW 

I 9.94 12.06 11.03 .65 2.6? 
1952 (3) 13.64 9.94 10.28 M 11-22 

II 9.42 8.39 6.86 .60 4.60 

* The secret are mean camber of iteaw recaBtd oa fiiai racaS trial and aa fets aad trcond racaO triah coat- 
ed.   The exiaute of v. it baaed on pooled St X practice variance.   There an 2 aad as 4/ for each row; P at 

.OSIrPtlteJ.l4.it.0! 4 95. 

unable to complete the learning under 
the longer distribution intervale. The 
Si we retained would be those most 
benefited by distributed practice, for 
these St could learn with a 2-min. 
distribution interval within a reason- 
able period of time. Therefore, we 
would expect the time to learn under 
the distributed conditions would be 
leu in the present experiments than 
in the former. 

Riccii.—The mean number of items 
correct on the first recall trial and the 
mean number correct on the first and 
second recall trials combined are 
shown in Table 1. The entry, "1952 
(5)," refers to the previously reported 
experiment (S) in which intervals of 2, 
30, and 60 sec. were used with reten- 
tion taken after 24 hr. Comparison 
of the results of Exp. I with those of 
the previous expefiiucut cannot be 
made with absolute confidence since 
we do not know what the effect of 
subject selection (discussed above) 
may have on recall. It is apparent 
from Table 1, however, that recall 
following learning with 60-sec. inter- 
trial interval (a condition which both 

experiments have in common) is very 
nearly the same on both the first recall 
trial and the first and second recall 
trials combined. 

The essential facts given in Table 1 
may be summarized as follows: 

1. Experiment 1 shows no difference 
in recall for intervals of from 60 to 
120 sec., and in all conditions recall is 
less than for the massed condition of 
the previous experiment. There is, 
then, no evidence that the difference 
between Hovland's findings and our 
previous findings is to be attributed to 
differences in length of distribution 
interval. Distribution intervals up 
to 2 min. give no evidence that dis- 
tributed practice gives better recall 
than massed practice; indeed, all the 
evidence suggests that under the con- 
ditions of our research retention is 
better following massing than follow- 
ing distribution. 

2. In Exp. II, where recall took 
place after 48 hr., the trend is likewise 
toward higher recall after massed 
practice than after distributed prac- 
tice.   On the first recall trial many 
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zero scores were recorded. However, 
the differences on the first end second 
recall trial combined almost attains 
a .01 level of confidence. Thus, there 
is no evidence that longer retention 
intervals and longer distribution inter- 
vals will change the basic generaliza- 
tion that in serial learning of nonsense 
syllables retention is better following 
massed practice than following dis- 
tributed practice. 

Releaming.—The mean number of 
trials to relearn for Ezp. I was 11.86, 
11.00, and 11.67 for 60-, 90-, and 120- 
sec. intertrial rests, respectively. The 
F is far from significant. In Exp. II, 
on the other hand, the values were 
10.75,11.83, and 13.72 for the 2-, 60-, 
and 120-sec. conditions. F is 4.00, 
which is approximately the .02 level 
of confidence. The most rapid re- 
learning occurred with massed prac- 
tice as would be expected from the 
recall •cores. 

DISCUSSION 

In conformance with two previous 
studies (4, S) we have found that 
retention of serial nonsense lists is 
better following massed practice than 
following distributed practice. The 
results of the present studies make it 
unlikely that the discrepancy between 
Hovland's (3) findings (better recall 
following distributed practice) and 
ours is to be attributed to differences 
in intertrial intervale defining distri- 
bution or to length of retention inter- 
val. Therefore, the question still 
remains as to what could produce such 
markedly different results. 

Our guess at the present time is that 
the contradiction is an indirect prod- 
uct of level of practice of Ss used in 
Hovland's research as compared with 
ours. Hovland's Ss served in many 
conditions and were given several 
practice days before they learned the 
li-ttem experimental lists.   The rate 

of (earning the experimental lists was 
roughly twice that of our Ss. We 
have summarized elsewhere (6) the 
fragmentary evidence which suggests 
that items reinforced (correctly antici- 
pated) many times will be recalled 
better following massed practice than 
following distributed practice, while 
items reinforced a few times will be 
better recalled following distributed 
practice. Well-practiced Ss (as in 
Hovland's research) correctly antici- 
pate most items only a small number 
of times, whereas poorly practiced Ss 
(as in our research) have many items 
which have been reinforced many 
times. We might therefore expect 
Hovland's research to show better 
retention following distributed prac- 
tice and ours better retention follow- 
ing massed practice. We hope to 
undertake research to determine if 
these guesses have any validity. 

SUMMARY 

Hovland has found that following 
learning of serial nonsense lists by 
massed and distributed practice, re- 
tention is better for items learned 
under distribution. In more recent 
studies we found quite the opposite. 
One possible source of the discrepancy 
was the length of interval defining dis- 
tributed practice, Hovland having 
used 2 min. as compared with 1 min. 
in our studies. Another possible fac- 
tor was length of retention interval, it 
being conceivable that length of reten- 
tion interval and length of distribution 
interval 
retention will be facilitated by massed 
or by distributed practice. Two ex- 
periments were performed, one using 
distribution intervals of 60, 90, and 
120 sec, between each learning trial 
with retention measured after 24 hi., 
and the other using intertrial intervals 
of 2, 60, and 120 sec., and a retention 
interval of 48 hr.   Learning was car- 
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ried to one perfect trial under all con- 
ditions.   The remit* show: 

1. Better learning by distributed 
practice than by massed, but no 
change in rate of learning between 
60- and 120-sec. intertrial intervals. 

2. Better retention following massed 
practice than following distributed 
practice; this was evident for both 
recall and relearning. Little differ- 
ence in retention was observed for 
intervals between 60 and 120 sec. 

3. There was no indication that dif- 
ferences in retention following massed 
and distributed practice would de- 
crease for retention intervals longer 
than 48 hr. 

It is concluded that the differences 
between Hoviand's results and our 
previous findings cannot be accounted 
for on the basis of length of intertrial 
interval defining distribution. It is 
possible that the differences between 
the studies may result from the fact 

that Hoviand's Ss were very highly 
practiced whereas ours were not. 

(Received September 2, 1952) 
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THE MEMORY EFFECT OF VISUAL PERCEPTION 
OF THREE-DIMENSIONAL FORM 

HANS WALLACH, D. N. CCONNELL, AND ULRJC NEiSSER 

Smtrtkmor* CalUft 

The kinetic depth effect that has 
been discussed in a preceding paper (2) 
enables monocular Ss to perceive 
three-dimensional form us directly as 
do persons with serviceable binocular 
vision by means of retinal disparity. 
Yet this effect alone does not, of 
course, solve the entire problem of the 
perception of solid form. Three- 
dimensional form is seen monocularly 
also when the observer does not move 
in relation to the object and it is also 
perceived in photographs and draw- 
ings. It has been mentioned in the 
preceding paper that an empiristic 
explanation of these cases of three- 
dimensional form perception becomes 
more feasible through the demonstra- 
tion of the kinetic depth effect. This 
is to because no empiristic explanation 
can be termed successful until it is 
made clear how the original process 
or experience is brought about under 
whose influence current experience is 
supposed to occur. Prior to the dem- 
onstration of the kinetic depth effect 
(K.DE) no process was known which 
could account in a satisfactory way 
for the "original" perception of three- 
dimensional form in monocular Ss. 

Two different approaches have been 
made to explain the perception of 
three-dimensional form that occurs in 
the absence of retinal disparity or of 
other specific cues for visual depth. 
It has been proposed that three- 
dimensional forms are seen under these 
circumstances because the correspond- 
ing retinal patterns have the power to 
evoke them directly. Gibson (1), 
who hold* such a view, believes that 
such retina! patterns have geometric 

characteristics which are specific stim- 
uli for depth just as there are specific 
stimuli for color, pitch, etc. Many 
Gestait psychologists believe that 
visual processes are spontaneously 
organized so that certain patterns of 
stimu'ation lead to three-dimensional 
forms and others to plane forms in 
perception and th*y have tried to for- 
mulate the principles which underlie 
such organization. When three-di- 
mensional objects are seen as three- 
dimensional forms, it is due to the fact 
that their retinal projections have 
properties which favor organization as 
three-dimensional forms. The other 
approach is, of course, the empiristic 
one. It is believed that previous 
experiences can cause a present per- 
ception in three dimensions. 

For a number of reasons, one of 
which—the nature of the KDK itself— 
will be discussed below, we came to 
believe that an influence of past expe- 
rience plays an important role in the 
perception of three-dimensional form 
and set out to demonstrate such an 
effect in a stringent way. Such a 
demontttration requires that a retinal 
pattern, which at the outset is seen as 
a plane figure, gives rise under iden- 
tical external conditions to the percep- 
tion of a three-dimensional form after 
an intervening exposure of the same 
natt^rn citron »nd?t condition* which 
cause it to be seen as three-dimensional. 

METHOD 

There are several way» in which a pattern can 
be made to appear a* a three-diraenjiciul form 
in the intervening ezpoture. We found it moat 
appropriate to ute the KDE for this purpose, and 
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